This paper examines the forecasting implications for product-service systems (PSS) applications in manufacturing firms. The approach taken is to identify the scope of operations for PSS applications by identifying all the activities associated with the service deployment in the telecom sector. The paper then develops a revenue model for manufacturing firms providing PSS applications. The revenue model identifies three generic revenue streams that provide the basis for discussion on the differences in forecasting approaches, including collaborative approaches based on PSS staff being geographically co-located.
Introduction
As technology becomes more common, competition may shift away from technology to other areas [1] . One alternative approach is the scenario where equipment is leased rather than purchased-either by service providers or end users. This approach is known as product-service systems (PSS) where the focus changes to providing utility to consumers through the provision of services rather than products [2] . This entails that manufacturing firms (or vendors) develop service procedures to support equipment later in the life cycle, including plans for upgrades.
Business planning requires conceptualising the end product or solution and then preparing quantitative forecasts for predicted revenues and costings based on resource requirements. Forecasting is therefore a key part of creating formal business proposals and often underpins decisions made by senior executives on whether or not to support a business case. Forecasting methods for products and separately for services are well documented in the extant literature; however, the literature concerning forecasting for PSS is not yet well established. The difficulty with a move to PSS is that the timescales in which the forecasts can be proven to be valid are lengthy. This may cause forecasting difficulties in terms of market research amongst the service end users [3] , but also organisational forecasting problems [4] amongst the vendors and their PSS customers who are unused to this business approach.
At a generic level, a manufacturing firm supplying equipment for PSS applications will be incurring costs in order to provide the necessary pre-and post-sale functions for the PSS activities. The main cost elements comprise: capital investment; manufacturing activities; logistics activities; and customer life cycle support. Thus, the expenditure on these activities is a mixture of traditional product-based activities plus the associated support activities for PSS applications. Forecasting approaches will need to account for both of these types of activities; otherwise, the planning process will neglect resourcing the support activities. For example, marketing activities are required by manufacturing firms providing PSS applications to promote and support the launching of upgrades and new product features [5] .
Service operations in the telecom sector
To examine the costing part of business plan forecasts, it is necessary to establish the operating cost items and their associated costs. In this section, the scope of PSS operations in the telecom sector is studied as this is a good example of interconnected service delivery. The roles and their associated activities that must be provided come from various functions, which are shown as Fig. 1 .
Telecom services are depended on by many businesses and organisations requiring uninterrupted connectivity and service provision. The performance requirements for the telecom sector range from high levels of equipment reliability to service performance parameters. For this reason, a key role is that of the provision of ongoing technical support to meet the needs of the network operation, which is likely to include equipment which is remotely located (away from the staffed central office equipment). One of the challenges here for the operational staff is that a single fault can give rise to a number of symptoms. Technical Support is shown as the first of the roles in Fig. 1 and reflects the importance of providing users with services that are uninterrupted.
The next key role shown in Fig. 1 is that of Network Configuration which needs to assess the potential impacts of each configuration change. To avoid widespread service disruption, it is necessary to examine the relationships between the system subcomponents and to plan upgrades such that they minimise disruption. Operational Support is the next role shown in Fig. 1 and includes all the organisation's maintenance staff responsible for the integration of the various technologies. The role on the righthand side of Fig. 1 is that of Upgrade Planning, which plans the provision for network growth needs and the market upgrades which often reflect the rapid rate of technological innovation.
Service deployment in the telecom sector
One of the primary characteristics of product service systems is the involvement of the vendor in the field deployment of the equipment which has been leased. In the case of distributed information systems and communication, equipment service deployment involves two levels of activities in the field, which is shown as Fig. 2 . The activities at the operational level are those which are required to actually prepare and deploy technology solutions. The service level is a higher level of activity and refers to the deployment of the overall service in terms of its functionality.
The interconnected nature of telecom networks means that for successful network operations, a high level of visibility of the various service delivery activities is required. For example, for a service to be successfully implemented, the service needs of the end users have to be understood, and this entails that details of user characteristics are identified and recorded. Once a users' service definition is captured within a given area (e.g. geographic area), then those users who are purchasing services need to be identified and service profiles developed.
Service delivery in the telecom sector
The development and deployment of a new telecom service in a conventional manner involves extensive planning and preparation to ensure that mission-critical network elements are not impacted. A number of phases are used starting with commercial ones between the vendor and the network 
